Inactivation of ppk differentially affects virulence and disrupts ATP homeostasis in Salmonella enterica serovars Typhimurium and Gallinarum.
Polyphosphate is involved in resistance to stress in a number of bacterial species; however, its role in the virulence of Salmonella enterica serovars which differ in their host range has not been described. We examined the role of polyphosphate kinase in infection, growth and survival of S. Typhimurium (broad-host range) and S. Gallinarum (avian-adapted). We also used ppk mutants to assess the downstream effects on intracellular ATP levels. ppk mutants had significantly (P<0.05) elevated ATP in stationary phase compared to the wild-type and, depending on the serovar, were defective in growth, survival and virulence. The virulence of S. Typhimurium ppk::SpcStr was significantly (P<0.05) attenuated following oral infection of both Rhode Island Red chickens and BALB/c mice. In contrast, inactivation of the ppk gene of S. Gallinarum did not affect growth or virulence. The differential contribution of polyphosphate to the virulence of S. Typhimurium and S. Gallinarum may reflect aspects of the pathogenesis and host range of these serovars. The ppk mutant of both serovars survived significantly less well (P<0.05) in a saline starvation-survival model, relative to the respective parent. The effect of ppk mutation on survival was formally described by fitting the data to the Weibull model and by estimation of k(max). Measurement of rpoS promoter activity using a lacZ transcriptional fusion demonstrated repression of rpoS in a ppk background, confirming a role for polyphosphate in RpoS induction. Together the data indicate the crucial importance of maintaining stable intracellular ATP during infection and nutritional stress. We suggest that polyphosphate plays a central role in homeostasis during growth and stress.